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Description 

Title of the Invention 

LIQUID CRYSTAL DISPLAY DEVICE 

[Claims] 

[Claim 1] A liquid crystal display device in which a substrate including a liquid crystal 
display cell, for one of substrates constitute the liquid crystal display cell, a substrate on 
which a pixel circuit comprising a switching element and a liquid crystal driving 
electrode is arranged in matrix is used; 

wherein on a surface of said liquid crystal driving electrode, multiplicity of holes or 
projections exist. 

[Claim 2] A liquid crystal display device according to Claim 1; 

shape of each of said holes or projections seen from the panel mounting direction is 
circle, oval, square, oblong, triangle or hexagon or one of a shape formed by combination 
of them or a shape of combination of them. 
[Claim 3] A liquid crystal display device according to Claim l; 

dimensions of shapes of holes or projections on said liquid crystal driving electrode are 
different among adjacent holes or adjacent projections. 
[Claim 4] A liquid crystal display device according to Claim l; 

dimensions and shapes of holes or projections on one liquid crystal driving electrode are 
the same but the distance between one hole or projection and another hole or projection 
is different among adjacent holes or adjacent projections. 
[Claim 5] A liquid crystal display device according to Claim l; 

dimensions, shapes and distance on one liquid crystal driving electrode are all the same, 
but they are different on adjacent liquid crystal driving electrodes. 
[Claim 6] A liquid crystal display device according to Claim l; 
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pitches between the holes or projections on the liquid crystal driving electrode are 
within the range of l~50/zm. 

[Claim 7] A liquid crystal display device according to Claim l; 
the liquid crystal is guest- host liquid crystal. 
[Claim 8] A liquid crystal display device according to Claim l; 
the liquid crystal electrode comprises Al, Al alloy, Ag or Ag alloy. 
[Claim 9] A liquid crystal display device according to Claim l; 

the maximum angle of inclined plane of a hole or a projection on the liquid crystal 
driving electrode is 30° . 

Detailed Description of the Invention 

The present invention is related to a liquid crystal display device. Furthermore, the 
present invention relates to shape, dimensions and arrangement of concavity and 
convexity pattern of a liquid crystal display device in which a substrate including a 
liquid crystal display cell, for one of substrates constitute the liquid crystal display cell, 
a substrate on which a pixel circuit comprising a switching element and a liquid crystal 
driving electrode is arranged in matrix is used, and the surface has concavities and 
convexities to be a scattering reflective surface so that the surface of said liquid crystal 
driving electrode shows a white color. 

As generally known, as liquid crystal display devices have characteristics of low power 
consumption and light weight, they have been put into practical uses as information 
display devices of many appliances widely. In the future, in order to cope with wider 
needs, realization of a liquid crystal display device allows a larger capacity and higher 
density display is required. 

One of a liquid crystal display which allows larger capacity and high-density display is a 
liquid crystal display device having a structure that a liquid crystal layer is placed 
between a semiconductor substrate comprising a silicon substrate on which a pixel 
circuit comprising MOS transistors, capacitors and liquid crystal driving electrodes is 
arranged in matrix and a glass substrate. Characteristics of this system are as the 
lower substrate is a semiconductor substrate, the size of one pixel can be made smaller, 
0.05^- 0.1m, then higher density display can be obtained, and as capacitors are 
connected to each pixel circuits, voltage can be applied at 100% duty, then there is no 
limitation of the number of driving lines. 

However, an opaque silicon substrate is used for the lower substrate, TM (twisted 
nematic) liquid crystal, using 2 polarizing plates, can not be used. Therefor guest-host 
type liquid crystal is used as a liquid crystal. When the guest-host type liquid crystal is 
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used, surface of the liquid crystal driving electrode has to be processed to have 
concavities and convexities in order to show white color. There are many methods to 
form concavities and convexities on the surface. The method to obtain the brightest 
white color is to make many arbitrary concavities and convexities pattern with the 
photolithography during a step of forming switching elements etc. on a silicon substrate. 
A concavities and convexities pattern on a liquid crystal driving electrode formed with 
this method is shown in Fig.l. Fig.l is a drawing of pattern on one liquid crystal driving 
electrode. A large oblong part indicated by 1 is a liquid crystal driving electrode. In this 
embodiment, 2 square holes are formed digestedly with the photolithography on the 
surface of a liquid crystal driving electrode. A cross section of this square hole has a 
shape similar to a gentle sine wave as shown in Fig.2. When parallel single color lights 
3 come into the surface of liquid crystal driving electrode 5, a reflected lights 4 
strengthen or weaken each other. That is, when the optical path difference Al is odd 
number times of a half- wave length, the light becomes strong, and when A 1 is even 
number times of a half-wave length, the light becomes weak. When an incident light is 
white light, interference colors of a rainbow are seen. 6 in Fig.2 indicates a pitch of 
iteration pattern. 

Fig.3 is a drawing for the calculation of an optical path difference between incident light 
I L l and incident light I L-2 where incident angle 6 1, reflection angle 6 2, and taper 
angle 0. In this case the optical path difference Al is expressed by the following 
equation- 

Al=d(sin dl-sin<?2) 

=d(sin 61- sin(0 1 + 20)) 
When thisAl is odd number times of a half- wave length, the light becomes strong. Then 
as mentioned above, an interference band is shown. 

As shown in Fig.l and Fig.2, the concavity and convexity pattern is formed on a liquid 
crystal driving electrode to make it bright white, however if the interference band is 
shown, liquid crystal display characteristics are degraded. Therefor it is favorable to 
form the concavity and convexity pattern on the liquid crystal driving electrode so that 
the interference band would not be appeared. 

The present invention is made to eliminate this defect and provides a liquid crystal 
driving electrode which can show bright white color without showing the interference 
color and the interference band by devising shape, dimensions and arrangement of a 
concavity and convexity pattern formed on a liquid crystal driving electrode. 
Considering Fig. 5, in order to avoid appearance of showing the interference color and 
the interference band the followings are presumed; 
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(1) Make a pitch of the concavity and convexity pattern at random. 

(2) Use a liquid crystal display device under light sources more than 2. 

(3) Use liquid crystal display device under the light passed through a diffusion board. 
As (2) and (3) are restriction on using, realization of (l) is required. 

Fig.4 shows one example of embodiments of a pattern on the surface of a liquid crystal 
driving electrode according to the present invention. In the example of Fig.4, the shape 
of a hole is square and pitches are the same but dimensions are different. In this 
structure, appearance of the interference colors and the interference band is 
substantially decreased. 

Fig.5 shows another example of embodiments. In this embodiment, shapes of holes are 
the same, and dimensions are also same, but the distances between holes are different. 
In this case appearance of the interference colors and the interference band is also 
decreased. 

Fig.6 shows 5 th embodiment. Shape of holes, dimensions and arrangement on one liquid 
crystal driving electrode are the same, but they are different on adjacent liquid crystal 
driving electrodes. In this case appearance of the interference colors and the 
interference band is scarcity. 

Fig.7 shows a case where shape of a hole is circle, size of circles and distances are 
changed at random. Fig.8 shows a case where shapes of hole are square or oblong. And 
sizes are also varied. 

As mentioned above, the present invention is related to shape, dimensions and 
arrangement of the concavity and convexity pattern that provides brighter white color 
on a liquid crystal driving electrode and eliminates appearance of the interference color 
and the interference band caused by traditional orderly arrangement; and in a liquid 
crystal display device using the guest-host type liquid crystal as a liquid crystal 
material, the color of guest can be displayed on white clearly under any light sources, 
then the display characteristics are largely improved. 

Pitch of a hole or a projection pattern on the liquid crystal driving electrode is 
preferably 1^50//m when a pixel size is 0.1^1. Omm. A material of a liquid crystal 
driving electrode is preferably Al, Ag or alloys of them. And taper angle of a hole or a 
projection requires 10~~20° , at most 30° . 

Brief Explanation of Drawings 

Fig.l is an explanatory drawing to show a traditional orderly pattern on a liquid crystal 
electrode. 

Fig.2 and Fig.3 are explanatory drawings to show appearance of bar or colors of rainbow 
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in the orderly pattern. 

Fig.4 to Fig.8 show examples of an irregular pattern according to the present invention. 

].••• liquid crystal driving electrode 

2--- hole or projection pattern 

3**- incident light 

4— reflected light 

5*** concavity and convexity pattern having regularity 
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